Noninvasive and quantitative live imaging reveals a potential stress-responsive enhancer in the failing heart.
Recent advances in genome analysis have enabled the identification of numerous distal enhancers that regulate gene expression in various conditions. However, the enhancers involved in pathological conditions are largely unknown because of the lack of in vivo quantitative assessment of enhancer activity in live animals. Here, we established a noninvasive and quantitative live imaging system for monitoring transcriptional activity and identified a novel stress-responsive enhancer of Nppa and Nppb, the most common markers of heart failure. The enhancer is a 650-bp fragment within 50 kb of the Nppa and Nppb loci. A chromosome conformation capture (3C) assay revealed that this distal enhancer directly interacts with the 5'-flanking regions of Nppa and Nppb. To monitor the enhancer activity in a live heart, we established an imaging system using the firefly luciferase reporter. Using this imaging system, we observed that the novel enhancer activated the reporter gene in pressure overload-induced failing hearts (failing hearts: 5.7±1.3-fold; sham-surgery hearts: 1.0±0.2-fold; P<0.001, repeated-measures ANOVA). This method will be particularly useful for identifying enhancers that function only during pathological conditions.